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THE DEVELOPMENT OF THE GAMETOPHYTE AND THE 

DISTRIBUTION OF SEXUAL CHARACTERS IN FUNARIA 

HYGROMETRICA (L.) SCHREB. 

Mabel Mary Brown 

Introduction 

The conflicting statements published concerning the sexual conditions 
in Funaria hygrometrica suggested the problem of determining by experi- 
mental methods the range of possibilities in the distribution of sex organs in 
this species. 

The reproductive organs of the Bryophytes were first clearly recognized 
as such by Hedwig (1782). He designated the sexual conditions found in 
the mosses, by analogy with those of the higher plants, as hermaphroditic, 
monoecious, and dioecious. This classification has been retained until 
the present time with the addition of several new terms. Schimper (i860, 
p. 13) added the term polygamy, applicable to that condition in which the 
male and female organs of a moss may be borne on the same plant or on 
different ones. Lindberg (1882) characterized those hermaphroditic species 
in which the archegonia are scattered among the antheridia and the entire 
group is enclosed by bracts as synoicous; he gave the designation paroicous 
to those in which the archegonia are isolated at the apex of an axis and the 
antheridia are borne in the axils of the leaves. He applied the term autoi- 
cous to monoecious mosses in which the sex organs are borne on separate 
branches of the same plant. He recognized four conditions of autoicism 
known as cladautoicism, rhizoautoicism, gonoautoicism, and pseudoautoicism. 
Combinations of synoicism, paroicism, and autoicism have been observed 
in some species. Such a combination is designated as heteroicism. When, 
within a species, the condition of dioecism is combined with any of those 
above mentioned, such a moss is said to be polyoicous. Polyoicism was 
early known as polygamy. Limpricht (1890) and Ruhland (1909) use the 
same terms but group them in a slightly different way in their classification. 

Physiologically there are but two categories of first importance: monoe- 
cism, in which the spores, protonemata, and leafy axes (gametophores) are 
bisexual in their potentialities; and dioecism, the spores, protonemata, and 
leafy axes being strictly unisexual. In the Bryophytes these terms apply to 
the gametophyte, whereas in the Spermatophytes the same terms are 
applied to the sporophyte. Blakeslee (1906) proposed the substitution of 
the terms homothallic and heterothallic respectively for monoecious and dioe- 
cious when used in connection with the gametophyte. 

There is some confusion in the literature as to what constitutes dioecism 
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(or heterothallism) in the mosses. This situation is partly due to the fact 
that investigators have depended upon the morphological examinaton of 
specimens for the determination of their sexual conditions rather than upon 
cultural studies. Separate axes, one bearing archegonia, the other bearing 
antheridia exclusively, may have arisen from the same protonema, but this 
situation is not ordinarily revealed by observation. Some writers have 
uncritically classed a moss having such separate gametophores as dioecious, 
regardless of the origin of the gametophores. Thus, Miiller (1853, pp. 
47-48) says: "On a common stem the inflorescences are monoecious; on 
different stems they are dioecious." Limpricht (1890, p. 37) agrees with 
this idea of dioecism and remarks: "So far dioecism of the protonema has 
not been observed." Ruhland (1909, p. 210) is more emphatic, declaring 
that in all cases of dioecism both sexes are borne beside one another on the 
same protonema. Lotsy (1909, pp. 261-262) observes that it is an unsolved 
question as to whether genuine dioecism occurs in the mosses, since both 
male and female plants arise from the same protonema, and since in certain 
so-called instances of dioecism it has been found that sexual organs of one 
kind maybe suppressed for a time by unfavorable environment, but that 
upon the return of suitable conditions the organs in question appear. 

It is evident that the question of genuine dioecism or monoecism in 
mosses can not be settled by the usual methods of observation. It is 
necessary to follow the history of single protonemata and their branches 
from the time of the germination of the spore until the formation of the sex 
organs. 

This method of determining the sexual conditions of certain mosses was 
first used by E. and E. Marchal (1906). They showed that in Barbula 
unguiculata, Bryum argenteum, and Ceratodon purpureas, spores produced 
in individual capsules are heterogeneous and unisexual, some producing 
protonemata bearing male axes exclusively, others giving rise to protonemata 
which bear female axes only. Protonemata produced by regeneration 
from various parts of the gametophyte transmit the sexual characters of 
the parent plant to the gametophores which they themselves later produce. 
The sexuality of protonemata thus produced by regeneration, as well as 
that of protonemata resulting from the germination of spores, can not 
in any way be influenced by external conditions. 

Later the same writers (Marchal and Marchal, 1907) report that pro- 
tonemata arising aposporously from young sporophytes of such dioecious 
mosses as Bryum caespititium, B. argenteum, B. fallax, and Mnium hornum 
bear hermaphroditic axes, a large proportion of male axes, and a very small 
number of female axes ; in other words, bisexual or monoecious gametophy tes 
have been produced in these normally dioecious species. They conclude 
that the separation of sex potentialities is bound up with the reduction 
division and that some of the chromosomes carry the sex-determining factors. 

M. Wilson (191 5) describes organs combining the characters of both 
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sexes occurring on an axis of Mnium hornum, a species which the Marchals 
(1907) had found to be strictly dioecious. Similar exceptional conditions 
had been reported in the same species and in Bryum caespiticium by the 
Marchals (1909); in Brachythecium erythrorhizon by Lindberg (1879); in 
Plagiothecium sylvaticum by Bergevin (1902); in Atrichum undulatum by 
Hy (1884); and in Mnium cuspidatum by Holferty (1904). Holding that 
these deviations from the normal sexual conditions can not be explained by 
the theory that the separation of sex is tied up with the reduction division, 
Wilson suggests that sex is determined by certain metabolic processes which 
are spread over a considerable number of cell generations and which, as a 
rule, are unaffected by external conditions. The observations of Philibert 
(1883) and Milde (1865) seem to support his views. The former reported 
small male plants arising by regeneration from the lower leaves of female 
plants of Homalothecium fallax, Camptotkecium lutescens, and Fissidens 
decipiens, supposedly dioecious species; the latter author observed bud-like 
structures enclosing archegonia and antheridia on apparently sterile axes 
of Mnium cinclidioides, which has also been considered to be dioecious. 
Such unusual sexual conditions may be explained, according to Wilson's 
theory, by assuming the presence of some unusual factor which has inter- 
rupted the normal course of metabolism. 

In the non-dioecious mosses it is quite clear that the separation of sexual 
characters is not related to the reduction division, but takes place, if at all, 
at some later time in the life of the gametophyte. The Marchals (1909) 
suggest that in the species for which the denomination homothallic, borrowed 
from the terminology proposed by Blakeslee, would be more exact, the sexual 
differentiation appears only at the time of the formation of the sex organs. 

Strasburger (1910) holds that in monoecious and hermaphroditic 
mosses the separation of sex takes place at the time of the formation of the 
sex organs. According to Coulter and Coulter (1918, p. 189), the sexual 
characters are separated at a time later than that of the reduction division, 
in connection with some of the vegetative divisions of the bisexual gameto- 
phyte. As an example they cite Riccia in which the production of anther- 
idia only takes place for a considerable length of time, but is later succeeded 
by a period during which archegonia exclusively are formed. 

Concerning the sexual conditions in Funaria hygrometrica (L.) Schreb., 
the species especially considered in this paper, various conflicting statements 
have been made. It has been classed as dioecious by Sachs (1874, p. 368), 
Goebel (1882, p. 367; 1887, p. 174), Van Tieghem (1891, p. 982), Scott 
(1904, p. 132), and Bower and Gwynne-Vaughan (1905, pp. 211-212). 
Campbell (1895, p. 187; 1905, p. 195) says that "Funaria is strictly dioe- 
cious"; later, however (Campbell, 1918, p. 622), this statement is corrected 
and reference is made to Boodle's results. 

Bruch, Schimper, and Gumbel (1836-1851, p. 298) described Funaria 
hygrometrica as having a primary stem terminated by a male inflorescence 
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and subsequently giving rise to fertile branches; W. Wilson (1855, p. 268) 
reported a stem, at first simple and terminated by a barren (male) discoid 
inflorescence; later branched, the branches bearing terminal fertile in- 
florescences, the base of the stem and branches rooting. Suflivant (1856, 
p. 50) described the male inflorescences as borne on innovations. Lesquer- 
eux and James (1884, p. 200) reported monoecious, terminal inflorescences, 
the male borne on the primary shoots, the fertile (female) on the innovations. 
Limpricht (1890, pp. 198-200) agrees that Funaria hygrometrica is monoe- 
cious but does not describe the relative positions of the male and female 
organs. This moss is autoicous, the male inflorescence being borne on 
short basal branches, according to Braithwaite (1888-1895, pp. 135-136). 
Dixon and Jameson (1904, p. 300) describe it as autoicous, having a ter- 
minal, discoid male inflorescence on a lateral branch; the same writers (1896, 
p. 276) had previously simply reported this species as autoicous, "the male 
inflorescence discoid with spreading bracts." Brotherus (1909, p. 421) 
and Lotsy (1909, p. 9) describe male organs at the apex of a main axis, the 
female organs on the summit of a lateral branch. These writers all agree 
that Funaria hygrometrica is monoecious, but differ as to whether the male 
or the female inflorescence respectively is terminal on the main axis or on a 
lateral branch. 

Boodle (1906) reports that in sixty-five specimens out of one hundred 
two, the female axis was a branch of the male stem. In the remaining speci- 
mens different conditions obtained, such as female axes apparently un- 
attached, male axes having no branches, axes bearing no sex organs, and 
axes attached basally, so that it is impossible to determine which is the 
main axis and which the branch. From these observations Boodle concludes 
that F. hygrometrica is monoecious, or at least very seldom dioecious. 

E. and E. Marchal (191 1) state that by experimental methods they 
have shown Funaria hygrometrica to be monoecious. The primary axis 
terminating in an antheridial head gives rise to the female branch as an 
innovation. By the death of the upper part of the male axis which has 
given rise to branches, the branches become separated to such an extent as 
to be taken for distinct individuals. On such separated axes, branches of 
one or the other sex may be produced. 

Collins (1919) reports the possibility of the origin of a dioecious race of 
Funaria hygrometrica by the regeneration of antheridia and of perigonial 
leaves from the antheridial head. Gametophytes so produced bore anth- 
eridia exclusively and at no time were any sporophytes formed. This sug- 
gests that the sexual tendencies are separated in this species before the 
actual production of the antheridia and archegonia. 
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Methods 

In order to determine the exact sexual condition of Funaria hygro- 
metrica, it was considered necessary to make single spore cultures. This 
was done by first germinating the spores on the surface of a liquid culture 
medium, and later removing the young protonemata, with the aid of a 
binocular microscope, to individual pots of soil. 

A sufficient supply of spores for the work was insured by bringing game- 
tophores bearing mature sporophytes into the laboratory, and sowing the 
spores from time to time. It is practicable to do this, since spores of 
F. hygrometrica are viable for several years. The plants were obtained at 
Eagle Heights, near Madison, Wisconsin. 

In order so far as possible to avoid contamination of the cultures, the 
capsules were thoroughly washed in sterile distilled water. It is well to 
separate the sporophyte from the gametophyte at the base of the seta, 
leaving the stalk to be used as a handle for manipulating the sporophyte 
during the washing of the capsule and the sowing of the spores. 

The culture media used in the germination of the spores were tap water, 
distilled water, and the solution used by the Marchals (1906) in their work 
on the sexuality of the spores of dioecious mosses. The formula given by 
them is as follows: 

Distilled water 1000 cc. 

Ammonium nitrate 1 gm. 

Potassium sulphate 0.5 gm. 

Magnesium sulphate 0.5 gm. 

Calcium sulphate 0.5 gm. 

Ammonium phosphate 0.5 gm. 

Iron sulphate 0.01 gm. 

Potassium hydroxide (10% solution) a few drops. 

The culture fluids were placed in Erlenmeyer flasks and petri dishes 
and sterilized in the autoclave for from thirty minutes to one hour at five 
pounds pressure. 

Marchal's solution proved the most satisfactory medium. The per- 
centage of spore germination was higher, and a more luxuriant growth of 
protonemata resulted when spores were sown on this solution than when 
they were sown on either tap or distilled water. A few cultures were made 
in which Sphagnum soaked in tap water, distilled water, and in Marchal's 
solution respectively was used as a substratum for the germinating spores 
after being sterilized. This proved unsatisfactory because of the difficulty 
of locating and removing individual gametophytes from the Sphagnum. 

Petri dishes were more convenient than Erlenmeyer flasks as containers 
of the culture fluids because of the ease with which the development of the 
protonemata could be followed and the individual protonemata could be 
removed. 
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The capsules were opened by means of needles sterilized in the flame of a 
Bunsen burner, and the spores were then scattered on the surface of the 
culture fluid. In order to make the sowing more uniform, the sporophyte 
was held a short distance above the medium and the capsule was tapped with 
a needle. If the spores are allowed to germinate in groups, the protonemata 
become interlaced and can not well be separated. The cultures were 
examined daily under a binocular microscope in order to note the time re- 
quired for spore germination, and the development of rhizoids and branches. 

The removal of the individual spores from the petri dishes to soil was 
attended with some difficulties. The very young protonemata can not 
be caught up on a needle, so it was necessary to have recourse to the use of a 
pipette and spore dilutions. Great care must be taken to make certain 
that but one gametophyte is transferred to each pot. A careful examination 
of the contents of the pipette, and of the surface of the soil after these 
contents have been deposited upon it, should be made. The procedure de- 
scribed above was used for the first lot of cultures made. Then it was found 
that if the gametophytes are allowed to grow until the protonemata are at 
least seven or eight cells in length, it is comparatively easy to pick them from 
the culture fluids, under the binocular microscope, by means of a needle. 

Three kinds of soil were used for the single spore cultures: a mixture of 
clay loam and sand ; a mixture of leaf mould and sand ; and a soil containing 
a large amount of wood ashes. The last named soil was obtained from a 
spot where Funaria hygrometrica had been growing. The soils were placed 
in two- and three-inch pots, soaked with Marchal's solution, and sterilized 
in the autoclave at from ten to fifteen pounds pressure for at least three 
hours. After cooling, the soils were ready to receive the young protonemata. 

Four hundred twenty-five single spore cultures were made at different 
times from the last "of November, 1916, until the last of March, 1917. 
The cultures were placed in a Wardian case in the greenhouse, where the 
atmosphere was kept very humid and where the temperature ranged from 
about 70 in the winter to as high as 11 2° F. at times during the summer. 
The pots were set in earthenware plates in which water was kept so that 
the cultures received water only from below. In this way the danger of 
contamination by foreign spores and other organisms was minimized. 

The plants grew well and by the last of June, 19 17, all the pots were 
covered with gametophores. These cultures have been kept for about two 
years and all have remained pure, no moss of other species appearing in any 
of the cultures. 
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Observations 
Germination of Spores and Development of Protonemata 

The spores of Funaria hygrometrica germinate readily in distilled water, 
tap water, and Marchal's solution, or on Sphagnum soaked with any one 
of the three liquids. The cultures must be kept in bright or diffuse light. 
Room temperature (i8° to 21 C.) has been found to be favorable for their 
germination and growth. 

The evidences of the germination of spores are : first, the swelling due to 
the absorption of water; second, the increase in amount of chlorophyl; and 
third, the change in the shape of the spores. This change in shape consists 
in the pushing out of a papillate protrusion from one side of the spore 
(fig. 1). The exospore ruptures at the apex of this projection, and the 
protrusion develops into a protonema (fig. 2) . 

When the protonema has become seven or eight times as long as wide, 
the first cross wall is formed (fig. 3a). The terminal cell increases in length 
and a second septum appears in it. This procedure continues as the pro- 
tonema increases in length. Lateral branches may arise from the primary 
filament while the latter is still very short (fig. 4a), or it may remain un- 
branched for some time (fig. 4c). In every instance a branch originates 
just behind a septum (fig. 46), and the subsequent development of the branch 
continues in essentially the same manner as that of the primary protonema. 

The length of time required for the germination of spores is somewhat 
variable. When spores are sown on unsterilized Marchal's solution, 
germination may take place within twenty-four hours; on the other hand, 
spores sown on the same medium, sterilized, show no evidence of germination 
in less than about thirty-six hours. In other media the time required for 
germination varies from three days to one week. In general, spores sown 
on Marchal's solution germinate more promptly than on the other culture 
media; but even when sown on the same medium, some cultures require 
more time for germination than others. Each sowing was made from the 
spores of a single capsule. 

Lesage (191 8) finds that the difference in the time required for the ger- 
mination of moss spores of several species, including Funaria hygrometrica, 
may be attributed to differences in temperature. He finds the optimum 
temperature for germination to be from 20 to 22° C. At this temperature 
the spores germinate in thirty-four hours. Schimper (1848) and other 
writers have noted the period of germination as being from three to five 
days. 

In cultures which I kept in a dark room, no germination could be de- 
tected after a period of four weeks. These cultures were then removed 
from the dark room and placed before a north window, a situation which 
had been found favorable for germination. When examined later, these 
cultures showed that a large number of the spores of each culture had 
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germinated. Many spores, however, failed to germinate even when left in 
the same situation before the window. From my observations it thus ap- 
pears that the condition of the spores, the culture medium used, and illumi- 
nation are factors affecting the length of time necessary for the germination 
of spores of F. hygrometrica. Since all the cultures were kept at room 
temperature, they furnish no information as to the effect of different tem- 
peratures on germination. 

After the rupture of the exospore and the beginning of the growth of the 
protonema (fig. 3&), or even at the same time, a rhizoid may develop and 
grow out from the spore or from the basal cell of the protonema in the 
opposite direction to that of the protonemal filament. 

Rhizoids are commonly distinguished from protonemata by their oblique 
septa, and by the presence of a brown pigment in the cell walls. An exam- 
ination of the rhizoids shows that chloroplasts may be present in their cells, 
but not in so large numbers as in the protonemal cells; the septa may be 
almost perpendicular to the long axis of the rhizoid cells as is the case in 
protonemata; and the brown color may be almost entirely lacking. These 
latter conditions are often found in rhizoids arising from the spore and the 
protonema, as well as in those originating by regeneration from the vege- 
tative parts of the gametophore and from the sex organs. 

It was found that protonemata branch profusely in culture solutions, 
but that gametophoric buds are very seldom formed on protonemata 
growing in such solutions, although some such cultures were kept from the 
middle of November until the first week in April. On the other hand, 
protonemata transferred from these cultures to pots of soil produced leafy 
axes, on an average, in eight weeks. It might appear that some substance 
necessary for gametophore development is present in the soil but absent 
from the culture solution; but since protonemata may be kept in an appar- 
ently healthy condition in Marchal's solution for long periods of time, and 
since gametophores are formed on protonemata growing on filter paper 
soaked in Marchal's solution, this explanation does not seem adequate. 
It is possible that the stimulus supplied by the presence of a solid substratum 
is necessary for the formation of leafy axes, or that if the protonemata had 
been kept longer in the culture solution such axes would have been formed. 

The Distribution of Sexual Characters 

After the transfer of the individual protonemata to separate pots of 
soil, growth takes place for some time. An area varying from one to five or 
six square centimeters on the surface of the soil in each pot is covered by a 
green felt-like growth at the expiration of a period of five to six weeks after 
the transfer. In every case this growth originated from a single spore. 

Gametophores do not develop on any of the cultures within a shorter 
period of time than five weeks after the protonemata are transferred to the 
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soil, and in cultures to which protonemata are transferred when young 
(two to three weeks after germination) the leafy axes develop in about eight 
weeks from the time of germination. However, when protonemata ar© 
taken from cultures four to six weeks old, the gametophoric buds are formed 
when the protonemata have been on the soil for from four to six weeks. 
Thus it appears that the time of transfer of the protonemata affects the 
time of development of leafy axes. The following are typical instances: 
For culture 36 the spores were sown December 1, 1916, the protonema was 
transferred December 12, and the first leafy axes appeared January 28, 
1917, approximately eight weeks after germination. For culture 315 the 
spores were sown on the same date, the protonema was transferred February 
10, 1917, and leafy axes appeared April 7, 1917, about four months after 
germination. For culture 235 the spores were sown December 14 and the 
protonema was transferred February 2, 1917; leafy axes were observed 
March 7, 1917, five weeks after transfer and about three months after 
germination. 

The leafy axes arise from the protonemata in a manner similar to that in 
which protonemal branches originate. A protrusion appears laterally upon 
the anterior part of a cell just posterior to a septum; intersecting walls are 
formed, which result in the production of a mass of cells instead of a filament 
(fig. 5). An apical cell appears when the bud consists of but a few cells. 
The first leaves are closely appressed to the stem (fig. 6) ; later they elongate 
and become folded so as to envelope completely the apical region (fig. 7). 
Finally the leaves become more or less separated from one another, giving 
the young gametophore its characteristic bud-like appearance (fig. 8). 

The number of gametophores arising directly on individual protonemata 
is variable, ranging in my cultures from five to twenty-seven. After the 
development of the gametophores from the protonemata, rhizoids and 
secondary protonemata are developed from the basal parts of the former, 
the protonemata arising without previous injury of the gametophores. 
These new structures in turn give rise to other gametophores from which 
other rhizoids and protonemata are formed. These processes continue 
until the surface of each pot is covered by a dense growth of gametophores 
and protonemata. In every one of my four hundred twenty-five cultures, 
a large growth of gametophores was secured, and no contaminations by 
foreign mosses took place in any of the cultures, which remained in good 
condition for about two years. 

Since each pot contains the growth from a single spore, and since this 
growth consists of several hundred gametophores, the examination of these 
cultures at the time of the formation of the sex organs should make it pos- 
sible to determine without a doubt the sexual condition of the species. 
Boodle (1906) used material obtained in nature, and from this he was able to 
determine that F. hygrometrica was monoecious or "at least seldom dioe- 
cious." He added this alternative because he found a number of axes of 
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one or the other sex growing independently, and did not know whether 
they had originated from the same or from different spores. The Marchals 
(1911), as pointed out on a preceding page, conclude that F. hygrometrica 
is monoecious, but they do not describe their experiments. 

The gametophores remain for some time unbranched and sterile (fig. 9). 
The first branches observed arose from the basal part of the main axis 
(fig. 10) ; in such a case it is often difficult to determine which is the primary 
axis and which the branch. 

The branches resemble the main axis in every detail except that they 
are usually shorter. The basal part of the branch is enlarged and bulbous, 
like the basal part of the main axis. The cell walls of the lower part of the 
stem and of the branch are impregnated with a brown pigment similar to 
that in the cell walls of the rhizoids. Rhizoids and protonemata arise from 
the lower parts of both structures. The connection between the branch 
and the main axis is very loose, and when separated from the axis the inno- 
vation may be taken for a separate plant. This condition is probably 
responsible for the statement often made that F, hygrometrica is dioecious, 
the archegonia being borne on shorter stalks than those which bear the 
antheridia. 

The cultures were examined daily in order to note the first appearance 
of sex organs. In every case antheridia were developed before archegonia. 
In the greater number of the cultures, antheridia were observed from one 
month to six weeks after the appearance of the gametophores. However, 
in a few cultures they were not seen until six or eight months after the de- 
velopment of leafy axes. 

In culture 26, which is typical of the majority of the cultures in the series 
from 18 to 204, the spores were sown December 1, 1916, transferred to soil 
December n, gametophores were noted February io, and antheridia April 
13, 1917. There were several deviations from this program in this series; 
for example, in culture 29, the history of events is identical with that of 
culture 26 until the time of the observation of the antheridia, which were 
first noted December 5, 191 7, almost a year from the time of the germination 
of the spore. In cultures numbered 20, 98, 106, 108, 109, 117, 118, 121, 
x 37. !55> r 5 8 > l6o > l6 3> I 7 I > I 7 2 > 1 73< I 75- 1 7%> an d 182, antheridia were 
not observed until the latter part of July and the first of August, 1917, about 
seven months after germination. This difference in the time of production 
of antheridia in this series can not be attributed to the different soils upon 
which the cultures were grown, because the difference in the soils used does 
not correspond with the differences in the history of the cultures. In the 
series 208 to 234, 235 to 275, 276 to 302, and 303 to 328, there were no 
noteworthy differences in the history of the development of antheridia. 

The antheridial inflorescences may be recognized with the naked eye. 
The leaves surrounding the group of sex organs are so arranged as to give 
the head a discoid form (fig. 15). From twenty to thirty antheridia are 
borne in each group. 
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The first antheridial inflorescences observed are borne on the summits of 
unbranched axes (fig. 15), or on the summits of the primary axes (fig. 13) 
in case the gametophore is branched. As the cultures grew older, examina- 
tion showed that this location of the male sex organs is by no means the 
universal one. It is quite common to note antheridia on the apex of an 
innovation (fig. 12), either archegonia or antheridia being borne on the 
primary axis. Gametophores with innovations bearing antheridia were 
noted in twenty-two cultures out of one hundred examined with the object 
of determining the situation of the antheridia. In each of these cultures 
from one to ten such gametophores were observed. 

From these results it appears that in the majority of instances the an- 
theridia are borne on the apex of the primary axis (figs. 11, 13), or on the 
apex of the independent, unbranched gametophore (fig. 15); less often are 
they borne on the innovation, the main axis in such a case bearing either 
archegonia or antheridia. 

The appearance of archegonia was not noted in any of the cultures 
within less than four weeks after the appearance of antheridia in the same 
cultures. The archegonial heads are so similar to the sterile heads that 
dissection is often necessary in order to distinguish them (figs, n, 13). 
The antheridial heads are easily distinguished by their discoid shape from 
the archegonial or sterile heads. From one to five archegonia are formed in 
a group; three, however, is the most common number observed. 

Culture 26 is typical of the sequence of events in the series of cultures 
from 18 to 204, so far as regards the production of archegonia. The history 
of this culture has already been given to the time of the appearance of 
antheridia on April 3, 1917. Archegonia were observed about seven weeks 
later, on May 30, 1917. In culture 91, antheridia were noted April 26, 
and archegonia approximately four weeks later, on May 25, the spore 
having been sown only a week earlier than that from which culture 26 arose. 
The spore from which culture 20 grew was sown on December 1, 1916, the 
protonema was transferred December 16, antheridia were observed April 
26, 1 91 7, and archegonia not until September 27, 191 7. The sequence of 
events in the majority of the cultures is similar to that in cultures 26 and 91. 

In regard to the position of the archegonia, it was found that in the 
greater number of cases examined, the archegonia are borne on the innova- 
tions, the main axis bearing antheridia (figs. 11, 13) or in some instances 
archegonia. Unbranched axes bearing archegonia were also observed 
(fig. 14) ; such axes are more common when the cultures are young. 

Considering the results thus far described, it is plain that so far as the 
material I have worked with is concerned, the gametophytes of F. kygro- 
metrica are always potentially bisexual. 

All previous writers who have discussed the distribution of the sex 
organs in F. hygrometrica seem to agree that the organs of opposite sex are 
separated in individual inflorescences. I have been able to find no mention 
of synoicous inflorescences in this species. The examination of my cultures 
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has revealed the fact that such inflorescences do occur, and in sufficient 
numbers to warrant their being taken into consideration. In synoicous heads 
the archegonia may occur singly, or in groups of from two to four. The 
archegonia are found at the apex of the stem surrounded by antheridia to the 
number of from fifteen to thirty (fig. 16). Paraphyses of both the filiform 
and clavate types may be seen scattered among the sex organs in such a head. 
The filiform paraphyses are restricted to the female inflorescences in the 
usual distribution of the sex organs, and the clavate forms are found only 
in male inflorescences. In bisexual groups the clavate paraphyses (cp) 
are found among the antheridia and those of the filiform type <Jp) only in 
the proximity of the archegonia. Synoicous inflorescences were observed 
on primary axes only, or on unbranched gametophores. 

These synoicous inflorescences were observed in cultures from the be- 
ginning of the period of the production of archegonia until the cultures 
were about two years old; but none were observed in cultures in which 
archegonia had not also been formed in their usual positions. 

An attempt was made to form some notion of the frequency with which 
synoicous inflorescences occur in the cultures. The following table shows 
the range of the percentages of synoicous heads in a few typical cultures. 



Culture Number 


Number of Gametophores 


Number of Synoicous 
Inflorescences 


Percentage of Gametophores 
Bearing Synoicous Inflor- 
escences 


91 

127 
166 
255 
156 


51 

43 
45 
28 

34 


7 

3 

10 

4 
4 


13.72 
6.97 

22.22 
14.28 
n.76 


Totals 


201 


28 I 13.9 



The proportion of synoicous axes present in a culture seems to depend 
upon the age of the culture, a higher percentage being found in cultures 
about one year old than in those several months of age. 

The results thus far described apply to the history of the cultures during 
their first year of growth. During the second year the axes were examined 
to note whether any regularity exists as to the sex of the organs borne on 
later formed branches from the female innovations and on branches of the 
primary axis, the latter being ordinarily male. As far as could be ascer- 
tained, there is no such regularity, since branches of either sex may arise 
either from the female innovation or from the primary axis. 



Summary 

1. Funaria hygrometrica is strictly monoecious, the spores, protonemata, 
and gametophores being bisexual in their potentialities. 

2. Antheridia always appear earlier than the archegonia. 

3. The antheridia are borne in most cases on the apex of the primary 
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axis of a branched gametophore, a lateral innovation bearing archegonia in 
the greater number of instances or in some cases antheridia. Antheridia 
may be borne on unbranched axes. 

4. The archegonia are usually found at the apex of an innovation of 
the male axis; but they may occur at the apex of the principal axis, the inno- 
vation bearing either archegonia or antheridia. Unbranched gametophores 
frequently bear female inflorescences, but they are less common than male 
inflorescences in this position. 

5. Synoicous inflorescences occur in Funaria hygrometrica. 

6. There is no regularity as to the sex of the organs borne on branches 
of the archegonial and antheridial axes after- the first year of growth. 

I wish to express my sincere thanks to Professor C. E. Allen who sug- 
gested this work and under whose supervision it was done. 

Department of Botany, 

University of Wisconsin 
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EXPLANATION OF PLATE XXXVI 

Figures 1-8 were drawn with the aid of an Abbe camera lucida at table level. Leitz 
oculars and objectives were used: Figs. 1-3 were drawn with ocular no. 4, objective no. 6, 
tube length 170 mm. (X165); Figs. 4, 6, 7, and 8, with ocular no. 3, objective no. 6, tube 
length 170 mm. (X650); Fig. 5 with ocular no. 1, objective no. 6, tube length 170 mm. 
(X390). Figs. 9-15 are enlarged 15 times. The drawings have been reduced one-half in 
reproduction. 

The following abbreviations are used: r, rhizoid; p, protonema; s, spore; o, archegonium; 
an, antheridium; cp, clavate paraphysis; fp, filiform paraphysis. 

Plate XXXVI 
Figs. 1-4. Stages in the germination of spores and development of protonemata. 
Fig. 5. Rudiment of leafy shoot. 

Fig. 6. Median optical section through older leafy shoot. 

Fig. 7. Median optical section through young shoot showing leaves enveloping the 
growing point. 

Fig. 8. Young gametophore. 

Fig. 9. Unbranched sterile axis. 

Fig. 10. Primary axis having a branch attached basally. 

Fig. II. Primary axis (male) bearing a lateral female branch. 

Fig. 12. Primary axis (female) bearing a lateral male branch. 

Fig. 13. Primary axis (male) bearing a short female branch. 

Fig. 14. Unbranched female gametophore. 

Fig. 15. Unbranched male gametophore. 

Fig. 16. Synoicous head borne on a primary axis. 
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Brown: Thb gametophyte of Funaria hygrometrica. 



